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Abstract 
Phosphate glass with composition of 35NaO1/2 20WO3 45PO5/2 prepared by a conventional melt-quenching method was 
treated by a positive corona discharging at room temperature. It was found that the OH concentration in the top surface 
layer of the glass increased by the treatment of +6.0 7.5 kV, for 10 h in 5%H2-95%N2 atmosphere and 5.0 mm in positive 
electrode and glass surface distance. On the other hand, the Na ion in the same area of 15 m thickness diffused and 
precipitated to the bottom surface. It was found by the infrared and Raman spectra that the Na was replaced by implanted 
proton without notable structural change. 
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1. Introduction 
Electrolytes are important part of the fuel cell. The conductivity of solid electrolytes is deserved by the 
mobile ions such as alkali ions, oxide ions, protons. Nafion is known as a polymer-type proton conductive 
material operating less than 100°C. However, in the temperature range of 200 500°C so called as 
intermediate temperature range , no reliable materials have been developed as an electrolyte for a fuel cell so 
far [1].  
Oxide glasses with high mechanical strength in the intermediate temperature have been widely studied for 
the proton or alkali ion conductive materials [2]. Sugata et al. [3] reported that the phosphate glass containing 
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W is expected to exhibit high proton diffusion coefficient. However, there was no promising process to 
introduce the mobile proton into the glass. 
This study focuses on the corona discharging for the implantation of proton to the W containing phosphate 
glass. The corona discharging was known as a modification method of the glass surface, in where a high 
voltage is applied on the needle electrode placed above the glass plate. Sakai et al. [4] successfully fabricated 
a surface relief grating on the soda lime glass surface using this method.  
In this study, we aimed to implant the protons directly into the glass using the corona discharging.  
Hydrogen or water molecules are ionized by the needle electrode distal end, and the generated protons are 
expected to be implanted into the W containing phosphate glasses. 
2. Experimental 
The glass with compositions of  35NaO1/2 20WO3 45PO5/2 was prepared by a conventional melt-
quenching method. Na2CO3, H3PO4, and WO3 were used as raw materials. The mixed raw materials were 
preheated at 500°C for 2 h followed by the melting at 1200°C for 1.5 h. During the melting, the melt was 
stirred every 30 min to increase the homogeneity and then poured into a graphite mold preheated to 500°C, 
and annealed to room temperature. The glasses were cut and polished to a disc plate of 15×0.5 mm3. 
The corona discharging treatment was carried out on the surface of the glass disc for 2 or 10 h at room 
temperature in a 5%H2-95%N2 atmosphere. A metal needle with a sharp tip was used as the positive electrode, 
and the glass plates were subjected to an applied voltage of +6.0 7.5 kV between the needle and the flat 
carbon plate, which was placed 5 mm below the needle. The glasses after the corona discharging treatment 
were characterized using a Fourier transform infrared (FT-IR: IR Affinity-1, Shimadzu), a Raman microscope 
(inVia Reflex, Renishaw), a Low voltage scanning electron microscopy (LV-SEM: JSM-6360LA, JEOL), an 
Energy dispersive X-ray spectrometry (EDS: JED-2300, JEOL). The thermal stability of protons in the glass 
matrix was investigated by the heat treatment for 2 h at 400°C in a 5%H2-95%N2 atmosphere and subsequent 
measurement of FT-IR spectra. 
3. Results and Discussion 
Figure 1 shows the cross section of the glass after the corona discharging treatment for 10 h. The layer with 
different refractive index of 15 m in thickness was formed on the surface of the corona-discharged side. On 
the bottom surface, on the other hand, the precipitation of sodium carbonate was observed after the glass plate 
was contacted with the ambient atmosphere, which should be produced by the chemical reaction between the 
sodium ion diffused form the glass and the carbon dioxide in air. Figure 2 shows the distribution profiles of 
Na, P and W ions after the 10 h treatment measured by the EDS. It is evident that the concentration of Na near 
the top surface was significantly decreased while no concentration changes for other cations. These results 
suggested that the Na ion in the top surface layer diffused to the bottom by the corona discharging treatment. 
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Figure 1 Cross section of the 35NaO1/2 20WO3 45PO5/2 glass after the corona 
discharging treatment for 10 h at room temperature in 5%H2-95%N2 atmosphere.  
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Figure 3 shows the IR absorption spectra of the 
glasses before and after the corona discharging 
treatment. The absorption peak of OH functions was 
significantly enhanced depending on the time of the 
corona discharging treatment. Three independent peaks 
were recognized in the wavenumber region between 
2500 and 3500 cm-1, which should be classified 
depending on the hydrogen bond strength. The OH 
functions with relatively weak hydrogen bonding [5] 
were rather preferentially generated at ~3250 cm-1.  
Figure 4 shows the depth profile of the OH 
concentration estimated using FT-IR in the glass after 
the corona discharging treatment for 10 h. The 
distribution area of OH functions almost agreed with 
the different refractive index layer of 15 m in 
thickness (see fig.1). The localized concentration of 
OH functions was estimated as 1021 cm-3 using the 
absorption coefficient of H2O in phosphate glasses, 
which is 110 L mol-1 cm-1 [6,7].  Therefore, the 
corona discharging treatment is a promising process to 
introduce a huge amount of proton into the glass 
surface. 
Next we investigated the glass structure in the 
proton implanted area using Raman spectroscopy. 
Figure 5 shows the Raman spectra of the top surface 
area before and after the corona discharging treatment 
for 10 h. No change could be recognized by the 
treatment. The replacement of Na+ by proton should be 
proceeded without structural change of the glass matrix, 
which can be understandable because the corona 
discharging treatment in this study was carried out at 
room temperature.  
Finally, the heat treatment of the proton implanted 
glass was examined in order to confirm the thermal 
stability of proton in the glass matrix. Figure 6 shows 
the IR absorption spectra of the glass before and after 
the heat treatment for 2 h at 400°C in 5%H2-95%N2 
atmosphere.  The absorption peak of OH functions 
reduced after the heat treatment to the level of ~30% 
of that just after the corona discharging treatment, 
which may indicate the high mobility of implanted 
proton in the glass.  
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Figure 4 Depth profile of the OH concentration of the corona-
discharged glass for 10 h. 
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Figure 3 IR absorption spectra of the glasses before and after 
the corona discharging treatment: (a) as prepared, (b) and (c) 
after the 2 and 10 h treatment, respectively. 
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Figure 2 Distribution profiles of Na, P and W ions in the 
glass after the corona discharging treatment for 10 h. 
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4. Conclusion 
The surface of 35NaO1/2 20WO3 45PO5/2 glass disc was treated by the corona discharging in 5%H2-95%N2 
atmosphere at room temperature. The OH concentration in the treated area of 15 m in thickness was 
prominently increased by the corona discharging treatment for 10 h. The diffusion and precipitation of Na+ as 
a carbonate compounds at the bottom surface of the glass were confirmed after the treatment in ambient 
atmosphere. No obvious structural change was recognized by the measurement of Raman spectra, which 
suggests that a one-on-one exchange of Na+ to proton proceeded during the treatment. The implanted protons 
of the concentration as high as 1021 cm-3 may promises a candidate as an electrolyte for the fuel cell operating 
at 200 500°C. 
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Figure 6 IR absorption spectra of the glass before and after 
the heat treatment in 5%H2-95%N2 atmosphere:  
(a) as prepared, (b) after the corona discharging treatment 
for 2 h, (c) after the heat treatment of b at 400 °C.
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Figure 5 Raman spectra of the top surface area of the glass of 
before and after the corona discharging treatment: (a) as 
prepared, (b) after the 10 h treatment. 
